Identifying determinants of NADPH specificity in Baeyer-Villiger monooxygenases.
The Baeyer-Villiger monooxygenase (BVMO), 4-hydroxyacetophenone monooxygenase (HAPMO), uses NADPH and O(2) to oxidize a variety of aromatic ketones and sulfides. The FAD-containing enzyme has a 700-fold preference for NADPH over NADH. Sequence alignment with other BVMOs, which are all known to be selective for NADPH, revealed three conserved basic residues, which could account for the observed coenzyme specificity. The corresponding residues in HAPMO (Arg339, Lys439 and Arg440) were mutated and the properties of the purified mutant enzymes were studied. For Arg440 no involvement in coenzyme recognition could be shown as mutant R440A was totally inactive. Although this mutant could still be fully reduced by NADPH, no oxygenation occurred, indicating that this residue is crucial for completing the catalytic cycle of HAPMO. Characterization of several Arg339 and Lys439 mutants revealed that these residues are indeed both involved in coenzyme recognition. Mutant R339A showed a largely decreased affinity for NADPH, as judged from kinetic analysis and binding experiments. Replacing Arg339 also resulted in a decreased catalytic efficiency with NADH. Mutant K439A displayed a 100-fold decrease in catalytic efficiency with NADPH, mainly caused by an increased K(m). However, the efficiency with NADH increased fourfold. Saturation mutagenesis at position 439 showed that the presence of an asparagine or a phenylalanine improves the catalytic efficiency with NADH by a factor of 6 to 7. All Lys439 mutants displayed a lower affinity for AADP(+), confirming a role of the lysine in recognizing the 2'-phosphate of NADPH. The results obtained could be extrapolated to the sequence-related cyclohexanone monooxygenase. Replacing Lys326 in this BVMO, which is analogous to Lys439 in HAPMO, again changed the coenzyme specificity towards NADH. These results indicate that the strict NADPH dependency of this class of monooxygenases is based upon recognition of the coenzyme by several basic residues.